Oxidative metabolism is one of the central physiological processes that regulate multiple functions in a cell including cell death and survival, proliferation, gene transcription, and protein modification. There are multitudes of techniques that are used to evaluate oxidative activity. Here, we summarize how to measure oxidative activity by flow cytometry. This versatile technique allows the evaluation of the level of oxidative activity within heterogeneous populations of cells and in cell culture. Flow cytometry is a quick method that yields highly reproducible results with small-size samples. Therefore, it is an ideal technique for evaluating changes in oxidative activity in samples from small animals.
Introduction
The evaluation of oxidative metabolism efficiency is a useful measure of physiological activity in the cell. The oxidative state of a cell regulates fundamental processes of cell metabolism including proliferation, survival, inflammation, DNA damage/repair, and cell death. Not surprisingly, many diseases are associated with defects in regulation of oxidative metabolism, which include neurodegeneration, carcinogenesis, diabetes, and atherosclerosis (1) . For example, mutation of the gene encoding the SOD protein results in increased oxidation in motor neurons and leads to Amyotrophic lateral sclerosis (ALS)-like pathology. On the other hand, a defect in neutrophil associated NADPH oxidase, which leads to deficiency in the production of superoxide and hydrogen peroxide is an underlying mechanism of chronic granulomatosis disease. Oxidative activity can be described as a sum concentration of oxidative reagents in the cell at any given time. Most prominent contributors of oxidative activity are reactive nitrogen species (RNS) and reactive oxygen species (ROS). ROS consists of hydrogen peroxide (H 2 O 2 ) and of substances containing unpaired electrons, which include superoxide , , peroxyl, and hydroperoxyl.
The generation of ROS is dependent on NADPH oxidases, which consists of multiple members of the NOX gene family (Nox1-5). RNS are comprised of peroxynitrites (ONOO-), which are downstream of nitric oxide syntheses. The level of oxidative activity can be measured by the amount of damaged cell material, such as DNA, RNA, protein, and lipids (2) (3) (4) . Increased oxidative activity is counterbalanced by increased expression of the reducing enzymes that protect cells from the harmful environment of reactive oxygen and nitrogen species. Therefore, another way to measure oxidative activity is to measure the expression of antioxidants that accumulate in a cell in response to the presence of ROS and RNS (5).
Several methods that measure oxidative activity have been developed. For example, the Nitroblutetrasolium precipitation reduction test is a crude method that evaluates high levels of oxidative activity and it requires large sample volumes (6) .
Likewise, chemiluminescence is a highly sensitive and easily quantified method that can be used with small 20 to 100l sample sizes (7). Chemiluminescense can measure the level of oxidative activity in a homogeneous cell population (8 in vivo and can be used to evaluate the oxidative state within tissues using microscopy, flourimetry, and flow cytometry. For this reason, this review will concentrate on the protocols using DHR to measure oxidative activity using flow cytometry. This assay can be used to quantify the oxidative activity of cells in whole blood, bone marrow, spleen, and other tissues. Also, we and others have successfully utilized this technique to measure the oxidative activity of THP-1 monocytic cell lines, RAW mouse monocytic cell lines, primary mouse astrocytes, and mouse embryonic fibroblasts (9-11). 
Materials

Methods
1.
Prepare DHR, PMA, and reagent of interest to specified concentrations in separate tubes (12x75 mm test tubes). Each tube should contain 300 l of RPMI 1640 and 100l of DHR (see Note 4). The tubes should be labeled as follows: Tube #1 "Cells only", which will contain 100l of RPMI 1640 instead of DHR; Tube #2 "Cells DHR ice"; Tube #3 "Cells DHR"; Tube #4
"Cells DHR + PMA"; Tube #5 "Cells DHR + reagent of interest". The concentration of each reagent of interest should enable 5l of the reagent to be added to each sample (see Note 5).
2.
Put the "DHR ice" tubes on ice, the rest of the tubes can be placed at 37°C (see Note 6).
3.
Collect blood from experimental mice by heart stick into a heparinized syringe and aliquot 100l into each of the test tubes. Make sure to thoroughly re-suspend the samples (see Note 7). Incubate each sample for 15 min at 37°C.
4.
Spin cells for 5 min at 280 x g. Re-suspend the cell pellet in 1 ml of lysis buffer and incubate for 5 min at room temperature (see Note 8).
Following the incubation, add 3ml of ice cold PBS.
5.
Centrifuge the cells at 4°C for 5 min at 280 x g and re-suspend the cells in fixative buffer. If any surface staining is desired then cells should be resuspended in blocking buffer (see Note 9).
6.
Surface staining is performed according to routine protocol (note 10)
7.
Scan cells using a flow cytometer (see Note 11).
8.
1. Cells incubated on ice with DHR may have high levels of non-physiologically relevant background staining. Therefore, special care must be taken to use quiescent cells. Incubation with PMA shows the oxidative capacity of cells. The concentration of PMA used in this protocol will push cells to the near maximum oxidative activity, which is also referred to as an oxidative burst. While staining with DHR only gives an idea of the level of oxidative activity at rest.
2. The intense brightness of the staining with DHR123 usually results in a skewed readout of the population of cells ( Figure 1B) . Therefore, the geometrical means florescence intensity should be used for analysis rather then mean florescence intensity.
3. In the case when several peaks of fluorescence ( Figure 1C ) can be distinguished within one population, this population can be separated into "high" and "low"
populations. When working with small changes (Figure 1D ), the percent of positive cells in the specifically assigned gate might be a more useful measure then the geometrical mean of fluorescent intensity.
9.
Data are to be analyzed using multiple comparison tests (see Notes 12).
Notes
1. This 10x formulation is stable at room temperature for at least 6 months. Prepare fresh 1x buffer before each experiment.
2. The concentration of 1.7% was determined as optimal concentration of fixative for intracellular and surface staining(12).
3. DHR 123 is easily oxidized. Storage in liquid nitrogen minimizes batch-to-batch variation over time. Once the aliquot of DHR123 has been thawed, it can be stored at -20°C for several weeks with repeated freeze-thaw cycles. For example, cells can be primed first with one or a combination of reagents and then fluorescence can be measured using the above protocol.
8. The formation of clots in blood samples will activate cells. Therefore, every sample with any level of clotting must be discarded.
9. Spinning cells faster than 280 x g may result in poor red blood cells lysis. 11. Ideally, samples should be analyzed by the flow cytometer immediately after staining. This will allow the fixation step to be skipped. However, when working with human samples, the fixation step is required. In addition, fixing cells allows samples to be scanned within 24 or even 48 hrs.
12. Usually in each experiment, an n of at least 4 should be performed. 
